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ABSTRACT 
This retrospective cohort study investigated the effects of rapid maxillary 
expansion on the soft tissues using CBCTs. The sample consisted of 60 
subjects: experimental group (n=30, treated with rapid maxillary expansion 
(RME), age:10.93 ± 2.20) and control group (n=30, age 11.43 ± 2.8). Soft tissue 
measurements were made using soft tissue landmarks. Paired t-test was used to 
compare the changes after expansion, and student t-test was used to compare 
the experimental and the control group. Intraclass correlation coefficient was 
used to evaluate intra-examiner reliability. 
Statistically significant differences were noted when comparing the 
experimental to the control group in transverse and anterior posterior 
dimensions. Increase was noted at the bialar distance (0.90mm, p=0.0363), 
nostril medium left to midsagittal plane (0.75mm, p=0.0423), the angle of 
pronasale to nostril base right and left (1.640, p<.001), columella width (0.56mm, 
p=0.0272),   nostril base left to midsagittal plane, (1.03mm, p=0.0207), chelion 
right to endocanthus right (1.57mm, p=0.0086), chelion left to endocanthus left 
(1.96mm, p=0.0015). Anteroposteriorly, the tip of the nose moved forward 
(pronasale to coronal plane (1.97mm, p=0.0018), nostril medium right to coronal 
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plane (1.07mm, p=0.0486), alare right to coronal plane (1.67mm, p=0.0117), 
pronasale to nostril base left (2.24mm, p<0.001) and right (2.12mm, p<0.001). 
Finally comparing genders, all the measurements were significantly greater in 
males compared to females except for columella width.  
In conclusion, RME influences soft tissue changes of the face, specifically 
in the nasal area. The base of the nose, bialar distance and columella widened 
while the tip of the nose moved forward.  
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LITERATURE REVIEW 
Rapid Palatal or Rapid Maxillary Expansion (RPE, RME) has been known 
for more than a century. Emerson C. Angell described the first clinical use of 
RME in 1860. The patient was a 14-year-old girl treated with an appliance with 
two contra-rotating screws between her maxillary premolars. Angell reported that 
widening of the arch was achieved in 2 weeks by separation of the maxilla along 
the midpalatal suture (1,2). 
Later on, in the 1960’s, Haas conducted two separate studies using 
expansion, the results of these studies showed the opening of the midpalatal 
suture, the forward and downward movement of point A, and the increase in 
mandibular intermolar width and nasal cavity widening. (3)  
RME produces skeletal, dental, and soft tissue changes. Regarding the 
skeletal changes, the literature reports separation of the midpalatal suture as 
mentioned before. The separation of the midpalatal suture is pyramidal in shape 
with more separation seen anteriorly than posteriorly. Other skeletal changes 
seen are downward and forward displacement of the maxilla, downward and 
backward rotation of the mandible and increased lower facial height. (4–11)  
Akkaya et al. (1999) reported that the maxilla moved forward, and the 
mandible moved backward after expansion. Therefore, ANB angle and 
mandibular plane angle increased significantly. (12). 
Habeeb et al. reported that treatment with bonded rapid palatal expansion 
treatment resulted in downward displacement of the maxilla with a greater 
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displacement of ANS than PNS and posterior movement of the maxillary central 
incisors (13).  
Other dental effects reported in the literature with the use of RME are 
formation of a diastema between the upper incisors, tipping of maxillary posterior 
teeth, posterior crossbite correction, relief of crowding, increase in the interincisal 
angle and the amount of overjet. (3,12,14–17)  
The skeletal and dental changes caused by RME trigger potential changes 
in soft tissues of the face. Some studies have reported changes in the upper 
face, lower face, lower and upper lip regions, as well as an increase in airway 
dimensions and improved tongue position (18–22).  
Previous studies have used facial photographs and clinical exams to 
evaluate facial soft tissue changes after expansion.  Berger et al. used 
photographs of 20 patients at four different time points, and nasal widths were 
measured off the photographs. They reported an increase in greater alar 
cartilage of 2 mm in their rapid maxillary expansion (RME) treated sample(35).  
Bret M. Johnson and co-workers evaluated changes in the soft tissue 
width of the nose induced by RME using clinical exams. Comparisons of values 
after removal of the expander showed that on average, nasal width increases 
were greater in the RME group than in untreated norms by 1.7 mm for the 
greater alar cartilage measure, and by less than 1 mm for the alar base measure 
(36). 
Altorkat et al. reported changes in the naso-maxillary soft tissue complex 
after RME that included an increase in nasal base width, retraction of the nasal 
 3 
tip and flattening of the nasal tip after RME (23). 
Regarding the long term effects of RME, studies have shown that 
increments in maxillary transverse dimension are relatively stable(24–26).  
McNamara et al. evaluated the short- and long-term changes in dental 
arch dimensions in 112 patients treated with rapid maxillary expansion (RME) 
followed by fixed edgewise appliances and compared them with untreated 
controls. Arch width, arch depth, perimeter, and molar angulation were measured 
before treatment, after orthodontic treatment and a mean of 6 years after 
treatment. He found a net increase of 6 mm of maxillary arch perimeter after 
treatment; and a mean of 2.8 mm remained long term (25).  
Lagravere, Major, and Flores-Mir 2005 conducted a systematic review 
where they evaluated the Long-term Skeletal Changes with Rapid Maxillary 
Expansion and concluded that RME did not produce significant anteroposterior or 
vertical changes in the position of the maxilla and mandible. However, long-term 
transverse skeletal maxillary increase is approximately 25% of the total appliance 
adjustment (dental expansion) in prepubertal adolescents but not significant for 
post pubertal adolescents(26).  
Treatment with RME has been reported to be more effective and stable in 
patients before pubertal peak growth. When RME treatment is performed after 
the pubertal growth spurt, maxillary adaptations to expansion therapy shift from 
the skeletal level to the dentoalveolar level (10).This shift may be due to the fact 
that less interdigitation is found in the palatal suture in young patients.  
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Melsen in 1975, studied palatal growth on human autopsy material and 
found that the growth in length of the hard palate until the age of 13 to 15 was 
due to growth in the transverse suture and to apposition on the posterior margin 
of the palate. After this age, the sutural growth was found to cease, whereas the 
apposition seemed to continue for some years. Melsen also divided sutural 
development into three stages: 1) infantile (up to 10 years of age) when the 
suture is broad and smooth, 2) juvenile (from 10 to 13 years) when suture 
margins are wavy and 3) adolescent (13 and 14 years of age) where suture 
shows marked interdigitation (27). 
Haas 1970 reported that after age 18, it was not possible to open the 
midpalatal suture with distraction forces because of bridging bone spicules 
across the suture and increased rigidity of contiguous bones, especially the 
zygomaticofrontal buttress. Trying to open the suture with distraction forces in a 
skeletally mature patient can result in extreme pain.  (28) 
In non-growing patients with transverse deficiency problems, surgical 
expansion is recommended. The surgical expansion can be achieved either by 
segmenting the maxilla during a LeFort osteotomy, or by surgically assisted rapid 
palatal expansion (SARPE). (29) 
Nada et al. evaluated skeletal and soft tissue changes following surgically 
assisted RME and concluded that changes in the labial soft tissues follow the 
changes in the skeletal structures underneath them. Following SARME, slight 
retro-positioning of the upper lip and increased projection of the cheeks was 
found. Retraction of the upper lip accompanied the remodeling in the anterior 
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alveolar region at a mean ratio of 88%. (30) 
 
OBJECTIVES AND HYPOTHESIS:  
Specific objectives:  
To evaluate soft tissue changes on patients who had RME as part of their 
treatment using pre and post treatment CBCT images.  
 
Aim: 
The aim of the present study is to evaluate the 3D effects of rapid maxillary 
expansion on the soft tissues of the face. 
 
Hypothesis:  
Null Hypothesis: Rapid Maxillary Expansion has NO effects on the soft tissues 
of the face. 
Alternative hypothesis: Rapid Maxillary Expansion affects the soft tissue of the 
face.  
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MATERIALS AND METHODS 
In this retrospective cohort study, CBCT images were acquired from a 
clinical data repository at Boston University’s Department of Orthodontics 
following approval from the Boston University Medical Center Institutional Review 
Board (Study number H-32515). 
Inclusion criteria for the subjects included female and male patients 
between 7 and 16 years old that were treated with Rapid Maxillary Expansion as 
part of their orthodontic treatment. CBCT images of these patients before and 
after treatment were analyzed to compare changes in the soft tissues of the face. 
All the scans selected showed a relaxed face expression with lips together at 
rest.  
Exclusion criteria included patients with craniofacial disorders and cases 
where the initial or final CBCT were missing.  
The experimental group consisted of 30 patients (10 males, 20 females 
with overall mean age, 10.93 ± 2.20) who were treated with a hyrax expander.  
The control group comprised of 30 patients (11 males, 19 females with 
overall mean age 11.43 ± 2.8). These patients were not treated with a hyrax 
expander as part of their orthodontic treatment. 
The CBCT images were taken two years apart, most of the initial scans 
were taken in 2012 and final scans were taken in 2014. The scans were 
transferred to a network computer system and the skeletal and soft tissue 
landmarks were measured using MIMICS v:20.0 (Materialize, Leuven, Belgium). 
Mimics is an interactive tool for visualization and segmentation of CT images.  
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The following protocol was followed: 
1) Initial orientation was identified 
2) A mask was created on the scan to establish a 3D cranial model 
3) Following similar steps, a soft tissue model was also created (Figure1) 
4) This establishes soft tissue reconstructions in three views (coronal, 
axial, sagittal) 
5) Following 3-D reconstruction, tracings of soft tissue structures were 
possible. (Figure 2) 
In order to evaluate changes in the soft tissues of the face with maxillary 
expansion, linear, angular measurements and planes were made before and 
after expansion. 
Distances between certain landmarks and planes were measured in the 
soft tissue. For that purpose, a modified version of the Farkas’ anthropometric 
analysis described in literature was used(32). (Table 1) 
Reference planes were: Frankfort horizontal plane (right and left porion, 
and right orbitale), Coronal plane (right and left exocanthus perpendicular to 
Frankfort horizontal) and Midsagittal plane (Plane passing from glabella point 
perpendicular to Frankfort and Coronal Planes) (Figure3). 
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Figure 1: Soft Tissue Model 
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 Figure 2: Soft Tissue Landmarks 
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Figure 3: Reference planes: Frankfort horizontal plane (right and left porion, and 
right orbitale), Coronal plane (right and left exocanthus perpendicular to Frankfort 
horizontal) and Midsagittal plane (Plane passing from glabella point 
perpendicular to Frankfort and Coronal Planes)  
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STATISTICAL ANALYSIS 
 A paired t-test was used to compare the soft tissue changes before and 
after expansion, and a Student’s t-test was used to compare soft tissue changes 
after expansion between the experimental and the control group. Intraclass 
Correlation Coefficient (ICC) was used to evaluate intra-examiner reliability. 
Regarding the statistics and power analysis of the study, retrospectively 
calculating statistical power using effect sizes is not suggested(33). Instead, the 
95% confidence intervals for all parameter estimates were reported to account 
for all the potential results that are supported by the data(34). 
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Landmark Description 
Subnasale (Sn) The point where the lower border of the nose meets the 
outer counter of the upper lip.  
Sellion (Se) The most posterior point of the frontonasal soft tissue 
contour in the midline of the base of the nasal root.  
Pronasale (Pn) The most prominent point of the nose. 
Soft tissue A point 
(A’) 
The most concave portion of the upper lip in the 
centerline. 
Soft tissue B point 
(B’)  
The most concave portion of the soft tissue chin outline 
in the centerline.  
Labrare Inferius (Li) The midpoint of the vermilion line of the lower lip. 
Stomium (Sto) The midpoint of the horizontal labial fissure. When the 
lips are not closed it is in the midpoint of the interlabial 
gap.  
Labrare Superius 
(Ls) 
The midpoint of the vermilion line of the upper lip.  
Soft tissue Gnathion 
(Gn’) 
The most inferior midpoint on the soft tissue contour of 
the chin.  
Soft tissue Pogonion 
(Pog’) 
The most anterior midpoint of the chin.  
Alare (Al) (R/L) The most lateral point on each alar contour. 
Chelion (Ch) (R/L) The point located at each labial commissure. 
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Endocanthion (En) 
(R/L)  
The point at the inner commissure of the eye fissure.  
Exocanthion (Ex) 
(R/L) 
The point at the outer commissure of the eye fissure. 
Soft tissue Orbitale 
(Or’) (R/L) 
The intersection of OrH and OrS planes with the 
overlying cutaneous surface.  
Glabella (g) The most prominent midline point between the 
eyebrows.  
Crista Philtri 
Landmark (chp) 
The lower point on each elevated margin of the philtrum 
just above the vermilion line.  
Nostril base (NosB) 
(R/L) 
The lowest point of each nostril or the inferior terminal 
point of each nostril axis.  
Nostril Medium 
(NosM) (R/L) 
The point at each margin of the midportion of the 
columella crest. 
Table 1: Soft Tissue Anthropometric Landmarks  
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VARIABLE TRANSVERSE 
EYES MEASUREMENTS 
Endocanthus Right to midsagittal plane (mm) 
Endocanthus Left to midsagittal plane (mm) 
Endocanthus Right and Endocanthus Left (mm) 
Exocanthus Right and Exocanthus Left (mm) 
Soft tissue Orbitale Right to midsagittal plane (mm) 
Soft tissue Orbitale Left to midsagittal plane (mm) 
NOSE MEASUREMENTS  
Alare Right to midsagittal plane (mm) 
Alare Left to midsagittal plane (mm) 
Nostril Base Left to midsagittal plane (mm) 
Nostril Base Right to midsagittal plane (mm) 
Nostril Base Right to Nostril Base Left (mm) 
Nostril Medium Right to Nostril Medium Left (mm) 
Nostril Medium Left to midsagittal plane (mm) 
Nostril Medium Right to midsagittal plane (mm) 
Pronasale to Nostril Base Right and Nostril Base Left angle (0)  
Bialar distance (Alare Right to Alare Left) (mm) 
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LIPS AND LOWER FACE MEASUREMENTS 
Chelion Right and Left (mm) 
Crista Philtri Right and Left (mm) 
Pogonion to Chelion Right and Chelion Left angle ( 0 ) 
Subnasale to Chelion Left to Pogonion angle ( 0 ) 
Subnasale to Chelion Right to Pogonion angle ( 0 ) 
Subnasale to Chelion Right and Chelion Left angle ( 0 ) 
Subnasale to Crista philtri Right and Crista philtri left angle  
Chelion Right to midsagittal (mm) 
VARIABLE ANTERO-POSTERIOR 
NOSE / MIDFACE MEASUREMENTS  
Point A to coronal plane (mm) 
Alare Right to coronal plane (mm) 
Alare left to coronal plane (mm) 
Nostril Base Left to coronal plane (mm) 
Nostril Base Right to coronal plane (mm) 
Nostril Medium Left to coronal plane (mm) 
Nostril Medium Right to coronal plane (mm) 
Pronasale to Coronal plane (mm) 
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Pronasale to Nostril Base Left (mm) 
Pronasale to Nostril Base Right (mm) 
LIPS/ LOWER FACE MEASUREMENTS 
Point B to coronal plane (mm) 
Chelion Left to coronal plane (mm) 
Chelion Right to coronal plane (mm) 
Crista philtra Left to coronal plane (mm) 
Crista philtri Right to coronal plane (mm) 
Labius inf to coronal plane (mm) 
Labius sup to coronal plane (mm) 
Pogonion to Coronal Plane (mm) 
Subnasale to coronal plane (mm) 
Stomium to Coronal plane (mm) 
VARIABLE VERTICAL 
NOSE/MIDFACE MEASUREMENTS 
Nostril Base Right to Frankfort (mm) 
Nostril Base Left to Frankfort (mm) 
Nostril Medium Right to Frankfort (mm) 
Nostril Medium Left to Frankfort (mm) 
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Pronasale to Frankfort plane (mm) 
LIPS/ LOWER FACE MEASUREMENTS 
Point A to Frankfort plane (mm) 
Alare Right to Frankfort plane (mm) 
Alare Left to Frankfort plane (mm) 
Chelion Right to endocanthus Right (mm) 
Chelion Left and endocanthus Left (mm) 
Chelion Left to Frankfort plane (mm) 
Chelion Right to Frankfort plane (mm) 
Cresta Philtri Right to Frankfort (mm) 
Cresta Philtri Left to Coronal plane (mm) 
Labius inf to Frankfort plane (mm) 
Labius sup to Frankfort plane (mm) 
Stomium to Frankfort plane (mm) 
Subnasale to Frankfort plane (mm) 
Pogonion to Frankfort plane (mm) 
Subnasale to Labium superioris (mm) 
Subnasale to Labium superioris to pogonion (0) 
Pogonion to Subnasale (mm) 
Table 2: 3D Soft Tissue Measurements  
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RESULTS 
In this study, sixty scans of patients were analyzed. The experimental 
group consisted of 30 patients (10 males, 20 females. Mean age, 10.93 ± 2.20) 
who were treated with a hyrax expander. The control group comprised of 30 
patients (11 males, 19 females. Mean age 11.43 ± 2.8). These patients were not 
treated with a hyrax expander as part of their orthodontic treatment and were 
used to analyze and differentiate the effects of growth vs expansion. Using a 
Student’s t-test, we noted that the age difference between the groups was not 
statistically significant (P-value = 0.20).  
In the experimental group 47.60% were males and 51.30% were females. 
In the control group 52.40% were males and 47.70% females. When using a Chi-
square test, we observed that the differences in distribution was not statistically 
significant (P-value= 0.21). Also, a T-test confirmed that the average age of male 
vs female subjects was not significantly different. (P-value= 0.29) 
The difference between the amount of expansion between males and 
females in the experimental group was not statistically significant (MD = 0.3, SD= 
1.43, P-value = 0.62). 
Changes within and between the groups are listed in Tables 4 to 9. 
In the experimental group, significant changes from T1 (before 
expansion) and T2 (2 years after expansion) were found. The mean expansion at 
the area of greater palatine foramen (GPF distance right and left) was 2.80mm 
(P<0.0001).   
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In the transverse plane, the measurements that showed a statistically 
significant change or increase were: bialar distance (1.50mm, P=0.0001), alare 
left to midsagittal plane (1.12mm, P=0.0164),  distance of chelion right to chelion 
left (3.01mm, P=<.0001), chelion right to endocanthus right (3.37mm, P=<.0001), 
chelion left and endocanthus left (3.24mm, P=<.0001), exocanthus right and 
exocanthus left (2.73mm, P=0.0002), nostril base left to midsagittal plane 
(1.20mm, P=0.0035), nostril base right to nostril base left (0.96mm, P= 0.0038), 
nostril medium right to nostril medium left (0.60mm, P=0.0079) nostril medium 
left to midsagittal plane  (0.77mm, P=0.0239), angle of pronasale to nostril base 
right and nostril base left increased 1.48 degrees (P=0.0452), soft tissue orbitale 
right to midsagittal plane (1.30mm, P= 0.0061) soft tissue orbitale left to 
midsagittal plane (2.16mm, P=0.0030). The angle of subnasale to chelion left to 
pogonion decreased -5.21 degrees (P=0.0066) 
In the anteroposterior plane, the measurements that showed statically 
significant difference or increase were: point A to coronal plane (1.34mm, 
P=0.0045) alare right to coronal plane (2.78mm, P<0.0001), alare left to coronal 
plane (1.85mm, P=0.0360), point B to coronal plane (1.52mm, P=0.0051) crista 
philtri left to coronal plane (1.31mm, P=0.0074), crista philtri right to coronal 
plane (1.34mm, P=0.0126), labius inferior to coronal plane (1.65mm, P=0.0034), 
labius sup to coronal plane (1.15mm, P=0.0268), nostril base left to coronal plane 
(1.67mm, P=0.006), nostril base right to coronal plane (1.53mm, P=0.0059), 
nostril medium left to coronal plane (2.13mm, P=0.0004), nostril medium right to 
coronal plane (2.27mm, P<0.0001), pronasale to coronal plane (3.52mm, 
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P<0.0001), pronasale to nostril base left (2.24mm, P<0.0001), pronasale to 
nostril base right (2.12mm, P<0.0001), pogonion to coronal plane (2.52mm, 
P=0.0002) subnasale to coronal plane (1.85mm, P=0.0003).  
In the vertical plane, All the measurements except for subnasale to 
labium superioris were statistically significant, indicating that these distances got 
longer after palatal expansion.  
When comparing the experimental to the control group, the mean 
expansion at the area of the greater palatine foramina was 1.96mm (P<0.0001) 
(GPF distance right and left) and statistically significant differences were noted in 
the transverse and anteroposterior planes. 
 In the transverse plane, the area of the nose showed widening or 
increase in the experimental group when looking at the bialar distance (0.90mm, 
P=0.0363), the angle of pronasale to nostril base right and nostril base left 
increased by 1.640 (P<.0001), the distance between nostril medium left to 
midsagittal plane increased 0.75mm (P=0.423). The area of columella also 
showed widening 0.56mm and it was measured from nostril medium right to 
nostril medium left (P=0.0272). The distance between nostril base left to 
midsagittal plane also showed an increase of 1.03mm (P=0.0207) but nostril 
base right to midsagittal plane was not statistically significant. In the area of the 
lips chelion right to endocanthus right increased (1.57mm, P=0.0086) as well as 
chelion left to endocanthus left (1.96mm, P=0.0015). Soft tissue orbitale left to 
midsagittal plane increased (1.76mm, P=0.0339).  
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In the anteroposterior plane, the tip of the nose moved forward 
(pronasale to coronal plane (1.97mm, P=0.0018), nostril medium right to coronal 
plane (1.07mm, P=0.0486), alare right to coronal plane (1.67mm, P=0.0117), 
pronasale to nostril base left (2.24mm, P<0.0001) pronasale to nostril base right 
(2.12mm, P<0.0001). Finally, Subnasale to coronal plane was marginally 
significant (1.05mm, P=0.0561) suggesting that subnasale moved forward as 
well.  
In the vertical plane, the distances that showed a statistically significant 
change were Chelion left to Frankfort plane (P=0.0049) Chelion Right to 
Frankfort plane (P=0.0090), Stomium to Frankfort plane (P=0.0304) and 
Subnasale to Frankfort plane (P=0.277) 
When comparing males vs females in the experimental group, 
changes in the nose and some measurements in the lips were greater in males. 
Bialar distance: 2.63mm in males vs 0.94mm in females (P=0.0173), pronasale 
to coronal plane: 5.65mm in males vs 2.46 in females (P=0.0031), pronasale to 
nostril base right 3.20mm in males vs 1.57mm in females (P= 0.0024), pronasale 
to nostril base left : 3.71mm males vs 1.50 mm in females (P=0.0002), nostril 
base left to midsagittal plane: 2.37mm in males vs 0.62mm in females 
(P=0.0264), and nostril medium right to coronal plane: 3.81mm in males vs 
1.50mm in females). In the area of columella, nostril medium right to nostril 
medium left was not statistically significant when comparing males vs females 
(P=0.3593) males had an increase of 0.88mm vs 0.46mm in females. In the area 
of the lips, the distance between chelion right and endocanthus right was greater 
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in males as well (males: 5.10mm vs 2.51 females, P= 0.0019) chelion left to 
endocanthus left (5.06mm in males vs 2.34mm females, P= 0.0015). Soft tissue 
orbitale left to midsagittal plane increased (males: 4.24mm vs 1.12 females, P= 
0.0238). GPF distance was not statistically significant between male and female 
(P=0.6183) suggesting that the palatal expansion achieved in both groups was 
similar (male: 2.99 mm vs female 2.71mm). 
When comparing males vs females in the control group, changes in 
PronNosBR (pronasale-nostril base right) was higher in males than females (MD 
= 0.9, SD = 2.0, P-value= 0.02). Similarly, changes in PnNosBL (pronasale-
nostril base left) was higher in males than females (MD = 1.1, SD = 1.4, p-value= 
0.02).  
None of the other variables showed significant changes between males 
and females in the control group.  
To evaluate reliability, six scans were traced twice at different time points, 
ICC was >0.90, indicating excellent reliability. 
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Experimental  
Mean (SD) 
Control  
Mean (SD) 
P-Value 
Age 10.93 (2.20) 11.43 (2.8) 0.4450 
 
Experimental Control P-Value 
Male 10 11 
0.6985 
Female 20 19 
 
Male  
Mean (SD) 
Female   
Mean (SD) 
P-Value 
Age 10.71 (2.10) 11.44 (2.70) 0.29 
Table 3: Descriptive Analysis for Study Sample 
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VARIABLE TRANSVERSE T1 Mean 
(SD) Pre 
T2 Mean 
(SD) Post 
T2-T1 
MD 95% CI 
P- value 
EYES MEASUREMENTS 
Endocanthus Right to midsagittal plane (mm) 16.11 (2.02) 15.88 (2.18) -0.22 (-0.95 - 0.51) 0.5419 
Endocanthus Left to midsagittal plane (mm) 17.07 (1.90) 17.77 (1.94) 0.70 (-0.19 – 1.59) 0.1204 
Endocanthus Right and Endocanthus Left (mm) 33.20 (3.36) 33.70 (2.67) 0.50 (-0.58 – 1.58) 0.3536 
Exocanthus Right and Exocanthus Left (mm) 85.78 (2.27) 88.51 (4.67) 2.73 (1.43 – 4.03) 0.0002* 
Soft tissue Orbitale Right to midsagittal plane 
(mm) 
29.67 (2.88) 30.97 (2.80) 1.30 (0.40 – 2.20) 0.0061* 
Soft tissue Orbitale Left to midsagittal plane 
(mm) 
30.33 (3.13) 32.50 (2.96) 2.16 (0.80 – 3.53) 0.0030* 
NOSE MEASUREMENTS 
Alare Right to midsagittal plane (mm) 15.02 (1.89) 15.37 (1.93) 0.35 (-0.26 - 0.96) 0.25 
Alare Left to midsagittal plane (mm) 15.80 (1.70) 16.92 (3.12) 1.12 (0.22 – 2.02) 0.0164* 
Nostril Base Left to midsagittal plane (mm) 7.80 (1.24) 8.99 (2.22) 1.20 (0.43 – 1.97) 0.0035* 
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Nostril Base Right to midsagittal plane (mm) 7.90 (1.75) 7.73 (2.19) -0.16 (-0.81 – 0.49) 0.6264 
Nostril Base Right to Nostril Base Left (mm) 15.85 (1.79) 16.81 (2.61) 0.96 (0.34 – 1.59) 0.0038* 
Nostril Medium Right to Nostril Medium Left 
(mm) 
6.92 (1.20) 7.52 (1.24) 0.60 (0.17 – 1.03  0.0079* 
Nostril Medium Left to midsagittal plane (mm) 3.81 (1.24) 4.57 (1.81) 0.77 (0.11 – 1.43) 0.0239* 
Nostril Medium Right to midsagittal plane (mm) 2.95 (1.45) 2.94 (1.76) 0.001 (-0.55 – 0.55) 0.9951 
Pronasale to Nostril Base Right and Nostril 
Base Left angle (  0  ) 
64.23 (5.07) 65.71 (3.46) 1.48 (0.03-2.92) 0.0452* 
Bialar distance (Alare Right to Alare Left) (mm) 30.96 (2.95) 32.46 (3.57) 1.50 (0.80 – 2.21) 0.0001* 
LIPS AND LOWER FACE MEASUREMENTS 
Chelion Right and Left (mm) 40.46 (3.82) 43.47 (4.38) 3.01 (1.78 – 4.24) <.0001* 
Crista Philtri Right and Left (mm) 10.31 (1.59) 11.02 (2.05) 0.71 (-0.09 - 1.51) 0.0819  
Pogonion to Chelion Right and Chelion Left 
angle ( 0 ) 
47.49 (4.62) 48.48 (4.04) 0.99 (-1.01 – 3.00) 0.3184 
Subnasale to Chelion Left to Pogonion angle (0) 95.04 (10.38) 89.83 (6.99) -5.21 ( -8.84 – -1.57) 0.0066* 
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Subnasale to Chelion Right to Pogonion angle 
(0) 
87.16 (6.24) 86.30 (7.17) -0.86 ( -3.56 – 1.84) 0.5206 
Subnasale to Chelion Right and Chelion Left 
angle ( 0 ) 
48.63 (2.96) 49.15 (3.27) 0.52 (-0.61 – 1.65) 0.3577 
Subnasale to Crista philtri Right and Crista 
philtri Left angle ( 0 ) 
64.5 (5.76) 63.66 (6.86) -0.86 (-3.45 - 1.74) 0.5052 
Chelion Right to midsagittal (mm) 20.61 (2.62) 20.94 (3.00) 0.33 (-0.57 – 1.22) 0.4612 
Chelion Right to endocanthus Right (mm) 59.13 (2.84 62.51 (3.67) 3.37 (2.52– 4.23) <.0001* 
Chelion Left and endocanthus Left (mm) 58.65 (2.97) 61.89 (3.49) 3.24 (2.37 – 4.12) <.0001* 
VARIABLE ANTERO-POSTERIOR T1 Mean 
(SD) Pre 
T2 Mean 
(SD) Post 
T2-T1 
MD 95% CI 
P- value 
NOSE / MIDFACE MEASUREMENTS 
Point A to coronal plane (mm) 26.24 (3.63) 27.57 (4.40) 1.34 (0.45 - 2.22) 0.0045* 
Alare Right to coronal plane (mm) 23.04 (3.30) 25.83 (3.69) 2.78 (1.71 – 3.85) <.0001* 
Alare left to coronal plane (mm) 22.27 (3.86) 24.12 (4.52) 1.85 (0.13 – 3.58) 0.0360* 
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Nostril Base Left to coronal plane (mm) 23.36 (3.20) 25.03 (3.84) 1.67 (0.79 – 2.56) 0.0006* 
Nostril Base Right to coronal plane (mm) 23.03 (3.40) 24.56 (3.99) 1.53 (0.48 – 2.58)  0.0059* 
Nostril Medium Left to coronal plane (mm) 28.45 (3.61) 30.58 (4.50) 2.13 (1.03 – 3.23) 0.0004* 
Nostril Medium Right to coronal plane (mm) 28.43 (3.46) 30.70 (4.37) 2.27 (1.33 – 3.22) <.0001* 
Pronasale to Coronal plane (mm) 38.34 (3.38) 41.86 (4.51) 3.52 (2.43 – 4.62) <.0001* 
Pronasale to Nostril Base Left (mm) 18.82 (1.50) 21.06 (2.11) 2.24 (1.60 – 2.87) <.0001* 
Pronasale to Nostril Base Right (mm) 19.22 (1.66) 21.33 (1.89) 2.12  (1.57 – 2.66) <.0001* 
LIPS/ LOWER FACE MEASUREMENTS 
Point B to coronal plane (mm) 20.60 (4.89) 22.12 (5.82) 1.52 (0.49 – 2.55) 0.0051*  
Chelion Left to coronal plane (mm) 16.24 (4.76) 16.18 (4.75) -0.06 (-1.25- 1.12) 0.9126 
Chelion Right to coronal plane (mm) 15.06 (4.62) 15.93 (4.78) 0.87 (-0.31 – 2.04) 0.1416 
Crista philtra Left to coronal plane (mm) 27.82 (3.92) 29.13 (4.64) 1.31 (0.38 – 2.24) 0.0074* 
Crista philtri Right to coronal plane (mm) 27.86 (3.88) 29.20 (4.70) 1.34 (0.31 - 2.38) 0.0126* 
Labius inf to coronal plane (mm) 25.91 (4.51) 27.57 (5.70) 1.65 (0.59 – 2.84) 0.0034* 
Labius sup to coronal plane (mm) 28.57 (4.04) 29.71 (4.89) 1.15 (0.12-2.16) 0.0268* 
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Pogonion to Coronal Plane (mm) 21.65 (6.40) 24.17 (7.28) 2.52 (1.32 – 3.72) 0.0002* 
Subnasale to coronal plane (mm) 27.27 (3.51) 29.07 (4.35) 1.85 (0.94 -2.76) 0.0003* 
Stomium to Coronal plane (mm) 24.14 (4.22) 25.29 (5.29) 1.16 (-0.02 - 2.33) 0.0538 
VARIABLE VERTICAL T1 Mean  
(SD) Pre 
T2 Mean 
(SD) Post 
T2-T1 
MD 95% CI 
P- value 
LIPS/ LOWER FACE MEASUREMENTS 
Subnasale to Labium superioris 11.74 (1.86) 11.78 (2.03) 0.32 (-0.47 – 0.53) 0.8969 
Subnasale to Labium superioris to pogonion 160.59 (9.97) 165.24 (8.21) 4.67 (1.43 -7.90) 0.0062* 
Pogonion to Subnasale  45.06 (3.83) 46.94 (4.78) 1.88 (0.60 – 3.16) 0.0053* 
Chelion Left to Frankfort plane 42.18 (2.39) 44.79 (2.88) 2.61 (1.92 -3.29) <.0001* 
Chelion Right to Frankfort plane 42.95 (2.38) 45.51 (2.70) 2.56 (1.81 – 3.31) <.0001* 
Labius inf to Frankfort plane 47.42 (3.12) 50.33 (3.64) 2.91 (1.98 – 3.84) <.0001* 
Labius sup to Frankfort plane 32.68 (2.66) 34.71 (3.23) 2.03 (1.33 – 2.73) <.0001* 
Pronasale to Frankfort plane 9.22 (3.20) 10.22 (3.68) 1.00 (0.36 – 1.64) 0.0032* 
Stomium to Frankfort plane 39.76 (3.00) 42.40 (3.16) 2.64 (1.78 – 3.49) <.0001* 
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Subnasale to Frankfort plane  21.13 (2.33) 23.06 (2.90) 1.93 (1.98 – 2.67) <.0001* 
Pogonion to Frankfort plane 65.55 (4.67) 69.48 (5.38) 3.93 (2.49 – 5.36) <.0001* 
Table 4: Experimental Group Results   
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VARIABLE T1 Mean  
(SD) Pre 
T2 Mean  
(SD) Post 
T2-T1 
MD 95% CI 
P- value 
GPF distance Right and Left 
(Greater Palatine Foramen) (mm) 
26.08 (2.94) 28.88 (2.74) 2.80 (2.27-3.33) <.0001* 
Table 5: Hard Tissue (GPF Distance)  
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VARIABLE  T1 Mean  
(SD) Pre 
T2 Mean  
(SD) Post 
T2-T1  
MD 95% CI 
P- value  
Point A to coronal plane  27.61 (4.23) 28.07 (4.58) 0.47 (-0.21 – 1.15) 0.1697 
Alare Right to midsagittal plane  14.97 (1.93) 15.16 (1.97) 0.19 (-0.12 – 0.50) 0.2265 
Alare Right to coronal plane 25.81 (3.76) 26.93 (3.89) 1.11 (0.35 – 1.87) 0.0059* 
Alare Left to midsagittal plane 16.12 (2.01) 16.53 (2.16) 0.41 (0.04 – 0.78) 0.0330* 
Alare left to coronal plane 25.44 (3.45) 26.21 (3.74) 0.77 (0.05 – 1.49)  0.0362 * 
Point B to coronal plane  22.01 (4.44) 22.85 (5.36) 0.84 (-0.41 – 2.08) 0.1783 
Chelion Left to coronal plane  17.55 (4.14) 17.12 (4.81) -0.42 (-1.68 – 0.83) 0.4908 
Chelion Right to coronal plane  17.33 (4.41) 17.58 (4.87) 0.25 (-1.09 – 1.60) 0.7007 
Chelion Right to endocanthus 
Right  
60.64 (3.91) 62.44 (4.13) 1.80 (0.99 – 2.61) <.0001* 
Chelion Left and endocanthus 
Left  
60.31 (3.92) 61.60 (3.91) 1.29 – (0.47 – 2.10) 0.0030* 
Chelion Right and Left  41.72 (4.19) 44.03 (6.52) 2.31 (0.95 – 3.66) 0.0016* 
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Crista Philtri Right and Left  10.69 (1.68) 10.41 (1.57) -0.28 (-0.79 – 0.23) 0.2748 
Crista philtra Left to coronal 
plane  
29.86 (4.36) 30.10 (4.56) 0.24 (-0.59 – 1.07) 0.5551 
Endocanthus Right to 
midsagittal plane  
15.86 (1.95) 15.96 (1.79) 0.09 (-0.47 – 0.66) 0.7341 
Endocanthus Left to midsagittal 
plane  
16.50 (1.61) 16.66 (2.14) 0.16 (-0.52 – 0.83) 0.6389 
Endocanthus Right and 
Endocanthus Left  
32.39 (3.10) 32.66 (3.26) 0.27 (-0.47 – 1.00) 0.4642 
Exocanthus Right and 
Exocanthus Left  
87.10 (6.33) 88.31 (6.22) 1.20 – (0.17 – 2.24) 0.0243* 
Labius inf to coronal plane 27.86 (4.42) 28.52 (4.90) 0.67 (-0.27 – 1.60) 0.1584  
Labius sup to coronal plane 30.79 (4.38) 30.82 (4.51) 0.31 (-0.75 – 0.81) 0.9353 
Nostril Base Left to midsagittal 
plane  
9.21 (1.91) 9.38 (2.12) 0.17 (-0.27 – 0.61) 0.4423 
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Nostril Base Right to midsagittal 
plane  
8.61 (1.37) 8.64 (1.39) 0.02 (-0.34 – 0.38) 0.9058 
Nostril Base Right to coronal 
plane  
24.58 (4.00) 25.43 (3.85) 0.85 (0.22 – 1.48) 0.0096* 
Nostril Base Left to coronal 
plane  
24.91 (3.73) 25.74 (3.90) 0.84 (0.15 - 1.53) 0.0192* 
Nostril Base Right to Nostril 
Base Left 
17.86 (2.59) 18.05 (2.44) 0.19 (-0.34 – 0.71) 0.4771 
Nostril Medium Left to coronal 
plane  
30.69 (4.30) 31.90 (4.16) 1.22 (0.63 – 1.81) 0.0002* 
Nostril Medium Left to 
midsagittal plane  
3.59 (1.27) 3.61 (1.57) 0.02 (-0.32 – 0.35) 0.9132  
Nostril Medium Right to coronal 
plane 
30.89 (4.26) 32.09 (4.34) 1.20 (0.67 – 1.74) <.0001* 
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Nostril Medium Right to Nostril 
Medium Left  
5.93 (0.89) 5.96 (0.97) 0.04 (-0.23 – 0.31)  0.7669 
Nostril Medium Right to 
midsagittal plane  
2.32 (1.13) 2.39 (1.25) 0.07 (-0.26 – 0.40) 0.6727 
Pronasale to Nostril Base Right 
and Nostril Base Left  
64.05 (4.12)  63.95 (3.22) -0.10 (-1.41 – 1.21) 0.8756 
Pronasale to Nostril Base Left 20.70 (2.05) 21.05 (1.86) 0.37 (-0.15 – 0.86) 0.1569 
Pronasale to Coronal plane  39.77 (4.77) 41.32 (4.80) 1.55 (0.98 – 2.11) <.0001* 
Pronasale to Nostril Base Right  20.88 (2.15) 21.36 (1.76) 0.47 (0.04 - 0.91) 0.0348* 
Pogonion to Coronal Plane  23.59 (5.87) 24.64 (6.71) 1.05 (-0.23 – 2.32) 0.1041 
Pogonion to Chelion Right and 
Chelion Left  
46.73 (4.35) 47.97 (4.44) 1.24 (-0.01 – 2.49) 0.0509 
Subnasale to Chelion Left to 
Pogonion  
88.85 (7.23) 87.38 (8.85) -1.46 (-4.18 – 1.25) 0.2789 
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Subnasale to Chelion Right to 
Pogonion  
86.18 (7.20) 85.62 (9.03) -0.56 (-2.91 – 1.79) 0.6297 
Subnasale to Chelion Right and 
Chelion Left 
47.62 (3.43) 47.09 (5.18) -0.52 (-2.05 – 1.01) 0.4904 
Subnasale to Crista philtri Right 
and Crista philtri Left  
61.16 (6.14) 64.16 (6.37) 3.00 (0.55 – 5.46) 0.0182* 
Subnasale to Labium superioris 11.07 (1.76) 11.51 (1.79) 0.44 (-0.01 – 0.88) 0.0555 
Subnasale to Labium superioris 
to pogonion 
151.13 (10.34) 156.59 (10.55) 5.46 (2.66 – 8.26) 0.0004* 
Subnasale to coronal plane  27.94 (4.47) 28.75 (4.53) 0.80 (0.19 – 1.42) 0.0125* 
Soft tissue Orbitale Right to 
midsagittal plane  
31.89 (2.43) 32.19 (2.65) 0.31 (-0.51 – 1.12) 0.4496 
Soft tissue Orbitale Left to 
midsagittal plane  
32.93 (2.83) 33.33 (3.00) 0.40 (-0.55 – 1.35) 0.3940 
Stomium to Coronal plane  25.97 (4.28) 26.14 (5.13) 0.17 (-0.91 – 1.25) 0.7499 
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Bialar distance (Alare Right to 
Alare Left) 
31.13 (3.37) 31.73 (3.46) 0.60 (0.11 – 1.10) 0.0188* 
Chelion Right to midsagittal  20.84 (2.37) 21.71 (3.84) 0.88 (-0.05 – 1.81) 0.0635 
Crista philtri Right to coronal 
plane  
29.90 (4.32) 30.11 (4.53) 0.21 (-0.54 – 0.95) 0.5743 
Pogonion to Subnasale  43.10 (3.61) 44.99 (4.24) 1.88 (0.89 – 2.88) 0.0006* 
Chelion Left to Frankfort plane 42.39 (3.50) 43.24 (3.84) 0.84 (-0.22 – 1.90) 0.1150 
Chelion Right to Frankfort plane 42.94 (3.49) 44.0 (3.84) 1.05 (0.03 – 2.08) 0.0444* 
Labius inf to Frankfort plane  47.92 (5.09) 49.91 (4.47) 1.99 (0.89 – 3.08) 0.0009* 
Labius sup to Frankfort plane 32.28 (4.07) 33.78 (3.88) 1.50 (0.73 – 2.27) 0.0004* 
Pronasale to Frankfort plane  7.31 (3.34) 8.33 (3.30) 1.01 (0.25– 1.78) 0.0114* 
Stomium to Frankfort plane  40.07 (4.12) 41.38 (3.91) 1.31 (0.35 – 2.27) 0.0009* 
Subnasale to Frankfort plane 21.74 (3.55) 22.57 (2.75) 0.82 (0.12 – 1.53) 0.0230 
Pogonion to Frankfort plane 64.40 (5.72) 67.03 (6.11) 2.63 (1.48 – 3.78) <.0001* 
Table 6: Control Group Results   
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VARIABLE TRANSVERSE Experimental 
Group 
Mean (SD) 
Control 
Group  
Mean (SD) 
Experimental – 
Control 
95% CI 
P-value 
EYES MEASUREMENTS 
Endocanthus Right to midsagittal plane (mm) -0.022 (1.96) 0.09 (1.52) -0.32 (-1.22 – 
0.59) 
0.4880 
Endocanthus Left to midsagittal plane (mm) 0.70 (2.39) 0.16 (1.81) 0.54 (-0.55 – 1.64) 0.3262 
Endocanthus Right and Endocanthus Left (mm) 0.50 (2.90) 0.27 (1.97) 0.23 (-1.05 – 1.52) 0.7171 
Exocanthus Right and Exocanthus Left (mm) 0.50 (2.90) 0.27 (1.97) 0.23 (-1.05 – 1.52) 0.7171 
Soft tissue Orbitale Right to midsagittal plane (mm) 1.30 (2.41) 0.31 (2.18) 0.99 (-0.19 – 2.18) 0.0988 
Soft tissue Orbitale Left to midsagittal plane (mm) 2.16 (3.65) 0.40 (2.53) 1.76 (0.14 – 3.39) 0.0339* 
NOSE MEASUREMENTS 
Alare Right to midsagittal plane (mm) 0.35 (1.63) 0.19 (0.84) 0.16 (-0.51 – 0.83) 0.6342 
Alare Left to midsagittal plane (mm) 1.24 (2.42) 0.41 (1.00) 0.71 (-0.24 – 1.67) 0.1400 
Nostril Base Left to midsagittal plane (mm) 1.20 (2.7) 0.17 (1.17) 1.03 (0.16 – 1.90) 0.0207* 
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Nostril Base Right to midsagittal plane (mm) -0.16 (1.75) 0.02 (0.96) -0.18 (-0.91 – 
0.55) 
0.6269 
Nostril Base Right to Nostril Base Left (mm) 0.96 (1.68) 0.19 (1.41) 0.78 (-0.02 – 1.58) 0.0566 
Nostril Medium Right to Nostril Medium Left (mm) 0.60 (1.15) 0.40 (0.71) 0.56 (0.07 – 1.06) 0.0272* 
Nostril Medium Left to midsagittal plane (mm) 0.77 (1.77) 0.02 (0.90) 0.75 (0.03 – 1.48) 0.0423* 
Nostril Medium Right to midsagittal plane (mm) 0.01 (1.47) 0.07 (0.89) -0.07 (-0.70 – 
0.56) 
0.8309 
Pronasale to Nostril Base Right and Nostril Base 
Left angle (0)  
2.11 (1.47) 0.47 (1.17) 1.64 (0.95 – 2.33) <.0001* 
Bialar distance (Alare Right to Alare Left) (mm) 1.50 (1.89) 0.60 (1.32) 0.90 (0.06 – 1.74) 0.0363* 
LIPS MEASUREMENTS 
Chelion Right and Left (mm) 3.01 (3.30) 2.31 (3.64) 0.71 (-1.09 – 2.50) 0.4336 
Crista Philtri Right and Left (mm) 0.71 (2.15) -0.28 (1.36) 0.98 (0.05 – 1.92) 0.0384* 
Pogonion to Chelion Right and Chelion Left angle (0)  47.49 (4.62) 48.48 (4.04) 0.99 (-1.01 – 3.00) 0.3184 
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Subnasale to Chelion Left to Pogonion angle (0)  -5.21 (9.73) -1.46 (7.27) -3.74 (-8.18 – 
0.70) 
0.0969 
Subnasale to Chelion Right to Pogonion angle (0)  -0.86 (7.24) -0.56 (6.28) -0.30 (-0.80 – 
3.20) 
0.8644 
Subnasale to Chelion Right and Chelion Left angle 
(0)  
0.52 (3.03) -0.52 (4.09) 1.03 (-0.82 – 2.90) 0.2682 
Subnasale to Crista philtri Right and Crista philtri 
Left angle (0)  
-0.86 (6.95) 3.00 (6.57) -3.86 (-7.35 - -
0.36) 
0.0310* 
Chelion Right to midsagittal (mm) 0.33 (2.39) 0.88 (2.50) -0.55 (-1.82 – 
0.71) 
0.3835 
Chelion Right to endocanthus Right (mm) 3.37 (2.29) 1.80 (2.18) 1.57 (0.42- 2.73) 0.0086* 
Chelion Left and endocanthus Left (mm) 3.24 (2.35) 1.29 (2.18) 1.96 (0.79 – 3.13) 0.0015*   
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VARIABLE ANTERO- POSTERIOR Experimental 
Group 
Mean (SD) 
Control 
Group  
Mean (SD) 
Experimental – 
Control 
95% CI 
P-value 
NOSE / MIDFACE MEASUREMENTS 
Point A to coronal plane (mm) 1.34 (2.34) 0.47 (1.82) 0.87 (-0.22– 1.96) 0.1170 
Alare Right to coronal plane (mm) 2.78 (2.86) 1.11 (2.05) 1.67 (0.39 – 2.96) 0.0117* 
Alare left to coronal plane (mm) 1.85 (4.61) 0.77 (1.92) 1.08 (-0.74 – 
2.91) 
0.2406 
Nostril Base Left to coronal plane (mm) 1.68 (2.38) 0.84 (1.85) 0.84 (-026 – 1.94) 0.1336 
Nostril Base Right to coronal plane (mm) 1.53 (2.82) 0.85 (1.68) 0.68 (-0.52 – 
1.88) 
0.2635 
Nostril Medium Left to coronal plane (mm) 2.13 (2.94) 1.22 (1.57) 0.91 (-0.31 – 
2.13) 
0.1395 
Nostril Medium Right to coronal plane (mm) 2.27 (2.53) 1.20 (1.43) 1.07 (0.01 – 2.13) 0.0486* 
Pronasale to Coronal plane (mm) 3.52 (2.93) 1.55 (1.51) 1.97 (0.77 – 3.18) 0.0018* 
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Pronasale to Nostril Base Left (mm) 18.82 (1.50) 21.06 (2.11) 2.24 (1.60 – 2.87) <.0001* 
Pronasale to Nostril Base Right (mm) 19.22 (1.66) 21.33 (1.89) 2.12 (1.57 – 2.66) <.0001* 
LIPS / LOWER FACE MEASUREMENTS 
Point B to coronal plane (mm) 1.52 (2.75) 0.84 (3.33) 0.68 (-0.87 – 
2.26) 
0.3904 
Chelion Left to coronal plane (mm) -0.06 (3.17) -0.43 (3.36) 0.36 (-1.32 – 
2.05) 
0.6674 
Chelion Right to coronal plane (mm) 0.87 (3.14) 0.25 (3.59) 0.61 (-1.13 – 
2.35) 
0.4851 
Crista philtra Left to coronal plane (mm) 1.31 (2.50) 0.24 (2.21) 1.07 (-0.15 – 
2.29) 
0.842 
Crista philtri Right to coronal plane (mm) 1.34 (2.76) 0.21 (1.99) 1.14 (-0.11 – 
2.38) 
0.0730 
Labius inf to coronal plane (mm) 1.65 (2.84) 0.66 (2.51) 0.99 (-0.39 – 
2.37) 
0.1576 
 42 
Labius sup to coronal plane (mm) 1.15 (2.70) 0.31 (2.09) 1.12 (-0.13 -2.37) 0.0781 
Pogonion to Coronal Plane (mm) 2.52 (3.23) 1.04 (3.41) 1.47 (-0.24 – 
3.19) 
0.0908 
Subnasale to coronal plane (mm) 1.85 (2.44) 0.80 (1.65) 1.05 (-0.03 – 
2.13) 
0.0561  
Stomium to Coronal plane (mm) 1.16 (3.15) 0.17 (2.89) 0.99 (-0.57 – 
2.55) 
0.2110 
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VARIABLE VERTICAL  Experimental 
Group 
Mean (SD) 
Control Group  
Mean (SD) 
Experimental – Control 
95% CI 
P-value 
LIPS/ LOWER FACE MEASUREMENTS 
Subnasale to Labium superioris 
(mm) 
0.03 (1.34) 0.44 (1.20) -0.40 (-1.06 – 0.25) 0.2227 
Subnasale to Labium superioris 
to pogonion angle (0 )  
4.66 (8.66) 5.46 (7.50) -0.80 (-4.98 – 3.39) 0.7043 
Pogonion to Subnasale (mm) 1.88 (3.42) 1.88 (2.67) -0.01 (-1.59 – 1.59) 0.9990 
Chelion Left to Frankfort plane 2.61 (1.84) 0.84 (2.83) -1.77 (-2.95 - -0.58) 0.0049* 
Chelion Right to Frankfort plane  2.56 (1.98) 1.05 (2.74) -1.51 (-2.61 - -0.41) 0.0090* 
Labius inf to Frankfort plane 2.91 (2.49) 1.98 (2.93) -0.93 (-2.30 – 0.45) 0.1784 
Labius sup to Frankfort plane 2.03 (1.88) 1.50 (2.06) -0.53 (-1.60 – 0.54) 0.3214 
Pronasale to Frankfort plane 1.00 (1.70) 1.01 (2.06) 0.01 (-0.89 – 0.92) 0.9725 
Stomium to Frankfort plane 2.64 (2.29) 1.31 (2.56) -1.33 (-2.52 – 0.13) 0.0304* 
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Subnasale to Frankfort plane  1.93 (1.97) 0.83 (1.89) -1.11 (-2.08 - -0.13) 0.0277* 
Pogonion to Frankfort plane 3.93 (3.85) 2.63 (3.08) -1.30 (-3.06 – 0.46) 0.1420 
Table 7: Experimental vs. Control Group Results   
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VARIABLE  Experimental 
Group 
Mean (SD) 
Control Group  
Mean (SD) 
Experimental – 
Control 
Mean (SD) 
P-value 
GPF distance (mm) 2.80 (1.42) 0.84 (1.24) 1.96 (1.33) <.0001* 
Table 8: Hard Tissue (GPF Distance) 
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VARIABLE MALE 
Mean (SD) 
FEMALE 
Mean (SD) 
CI 95% P-Value 
Labium superioris to coronal plane (mm) 3.00 (3.19) 0.22 (1.91)  2.78 (0.88 – 4.68)  0.0056* 
Pogonion to coronal (mm) 4.20 (3.98) 1.68 (2.48) 2.52 (0.11 – 4.94) 0.0413* 
Bialar distance (mm) 2.63 (1.96) 0.94 (1.61) 1.70 (0.32 – 3.07) 0.0173* 
Point A to coronal plane  2.97 (2.61) 0.52 (1.81) 2.45 (0.78 – 4.11) 0.0055* 
Alare Left to midsagittal (mm) 2.74 (2.84) 0.32 (1.74) 2.42 (0.71 – 4.13) 0.0072* 
Point B coronal (mm) 2.97 (2.97) 0.80 (2.39) 2.17 (0.12 - 4.23) 0.0387* 
Chelion right and endocanthus right (mm) 5.10 (2.56) 2.51 (1.60) 2.60 (1.04 – 4.16) 0.0019* 
Chelion right to Coronal (mm) 2.49 (2.70) 0.05 (3.09) 2.43 (0.08 – 4.78) 0.0432* 
Chelion left to exocanthus left (mm) 3.73 (2.49) 1.94 (1.93) 1.80 (0.11 – 3.48) 0.0376* 
Chelion left and endocanthus left (mm) 5.06 (2.02) 2.34 (1.97) 2.72 (1.14 -4.30) 0.0015* 
Crista philtri left to coronal plane (mm) 2.95 (2.86) 0.49 (1.87) 2.46 (0.68 – 4.23) 0.0084* 
Exocanthus right to midsagittal (mm) 2.22 (1.94) 0.77 (1.63) 1.45 (0.07 – 2.83) 0.0398* 
Labium inferioris to coronal (mm) 3.75 (3.02) 0.60 (2.12) 3.15 (1.21 – 5.09) 0.0025* 
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Nostril base left to midsagittal (mm) 2.37 (2.16) 0.62 (1.80) 1.75 (0.22 – 3.27) 0.0264* 
Nostril base right to nostril base left (mm) 2.37 (1.73) 0.26 (1.15) 2.11 (1.03 – 3.19) 0.0004* 
Nostril medium left to coronal plane (mm) 4.49 (3.55) 0.95 (1.69) 3.54 (1.59 – 5.48) 0.0009* 
Nostril medium right to coronal plane 
(mm) 
3.81 (3.14) 1.50 (1.80) 2.31 (0.47 – 4.15) 0.0156* 
Pronasale to nostril base right (mm) 3.20 (1.27) 1.57 (1.25) 1.63 (0.63 – 2.63) 0.0024* 
Pronasale to nostril base left (mm) 3.71 (1.41) 1.50 (1.33) 2.22 (1.14 – 3.29) 0.0002* 
Pronasale to coronal plane (mm) 5.65 (3.46) 2.46 (1.96) 3.19 (1.17 – 5.20) 0.0031* 
Subnasale to coronal plane (mm) 3.36 (3.12) 1.09 (1.64) 2.27 (0.50 – 4.03) 0.0136* 
Soft tissue orbitale left to midsagittal (mm) 4.25 (3.02) 1.12 (3.55) 3.14 (0.45 - 5.82) 0.0238* 
Crista philtri right to coronal plane (mm) 3.27 (3.25) 0.37 (1.92) 2.91 (0.98 – 4.84) 0.0045* 
Nostril medium right to nostril medium left 
(mm) 
0.88 (1.65) 0.46 (0.82) 0.42 (-0.50 -1.33) 0.3593 
Table 9: Comparison Male vs. Female Measurements 
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DISCUSSION 
The results of our study showed that there is a change of the soft tissue of 
the face with natural growth, but this change is even more severe when palatal 
expansion is used as part of orthodontic treatment.  Rapid palatal expansion 
influences soft tissue changes of the face, specifically in the area of the nose. 
The base of the nose, bialar distance and columella widened while the tip of the 
nose moved forward. In the vertical plane, chelion points right and left, stomium 
and subnasale moved down. 
The results are in agreement with previous findings in that there is an 
anterior displacement of the maxilla during RME. (38,39)  
A study conducted by Ki Beom Kim et all found similar results to ours. 
They evaluated soft tissue changes following RME in 23 growing patients, using 
CBCT. They found thinning of the lips and transverse widening of the midface. 
The width of the alar base of the nose increased, both the right and left 
landmarks moved away from the mid-sagittal plane. They also found that the tip 
of the nose moved anteriorly, however, they could only measure this in 8 patients 
because the tip of the nose was not captured on other scans. (37).    
Altorkat et al, used CBCT and 3D stereophotogrammetry to evaluate 
immediate facial soft tissue changes after rapid maxillary expansion. They found 
a similar result to our study regarding the increase in width of columella, but the 
opposite was found regarding the change in the tip of the nose.  They found 
retraction and flattening of the nasal tip while our study found that nasal tip 
moved forward.  This might be due to the fact that different landmarks were used 
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to evaluate the nasal tip change. The study done by Altorkat et al. used the nasal 
tip displacement angle, an angle constructed by alar crest right (AcR), pronasale 
(Prn) and alar crest left (AcL). This angle could be affected by the increase in 
nasal base width and it does not confirm with accuracy the retraction and 
flattening of the nasal tip.  In our study we used multiple linear measurements to 
confirm the anterior-posterior movement of the tip of the nose (distance from 
pronasale to coronal plane, distance from pronasale to nostril base left and right, 
and the distance between pronasale to nostril base left and right) 
Our study also compared the changes in males and females after 
expansion, our results showed that most of the measurements in the area of the 
nose were higher in males than females except for columella which was not 
statically significant. GPF distance was not statistically significant between males 
and females suggesting that the palatal expansion achieved in both groups was 
similar. This increment in the soft tissue changes in males might be due to the 
fact that males mature later than females and have more growth potential during 
this stage.  
The present study evaluated the long-term soft tissue effects of RME. 
More long-term studies are needed to evaluate soft tissue changes after long 
periods of retention. It would also be helpful to conduct studies that compare 
short term versus long term effects of RME.   
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CONCLUSION 
Rapid palatal expansion influences soft tissue changes of the face, 
specifically in the area of the nose and lips. The base of the nose, bialar distance 
and columella widened while the tip of the nose moved forward. In the vertical 
plane, chelion points right and left, stomium and subnasale moved down.  
All the measurements were greater in males compared to females except 
for columella (nostril medium right to nostril medium left) which did not show a 
statically difference between genders. 
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